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T h i s  c o l l e c t i o n  of a b s t r a c t s  r e p r e s e n t s  t h e  plasma phys ic s  p u b l i c a t i o n s  
from t h e  Department of Physics  and Astronomy a t  t h e  U n i v e r s i t y  of Iowa which 
are  cons ide red  r e l e v a n t  t o  NASA Grant NGL-16-001-043. I n  some c a s e s  o t h e r  
g r a n t s  and c o n t r a c t s  have been used f o r  p a r t i a l  suppor t .  T h i s  suppor t  i s  
acknowledged i n  t h e  i n d i v i d u a l  papers .  
The last such c o l l e c t i o n  was i s s u e d  on 11 March 1986. The pape r s  are  
numbered c o n s e c u t i v e l y  beginning w i t h  t h e  pub l i shed  works, t h e n  fol lowed by 
pape r s  which have been accepted o r  submitted f o r  p u b l i c a t i o n .  
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1. Labora tory  Observa t ions  of Ion-Cyclotron Waves Assoc ia t ed  With a 
Double Layer i n  an  Inhomogeneous Magnetic F i e l d  
M. J. ALPORT, S. L. CARTIER and R. L. MERLIN0 
J. Geophys. Res., 91, 1599, 1986. 
Observa t ions  of coherent  e l e c t r o s t a t i c  ion-cyc lo t ron  (EIC) waves 
a s s o c i a t e d  wi th  a s t r o n g ,  magnetized double  l a y e r  a r e  p re sen ted .  The 
double  l a y e r s  are produced i n  a weakly i o n i z e d  argon plasma by app ly ing  
a p o s i t i v e  p o t e n t i a l  t o  an e l e c t r o d e  p la te  l o c a t e d  i n  a d i v e r g i n g ,  
s o l e n o i d a l  magnet ic  f i e l d  r eg ion  of a c y l i n d r i c a l  plasma column. 
I o n i z a t i o n  w i t h i n  t h e  e l e c t r o d e  shea th  i s  e s s e n t i a l  t o  t h e  format ion  of 
t h e s e  double  l a y e r s .  The r e s u l t i n g  V-shaped p o t e n t i a l  s t r u c t u r e s  have 
extended p a r a l l e l ,  ob l ique  and perpendicular  ( t o  B) e lec t r i c  f i e l d  
components. The frequency of t h e  ion-cyclotron i n s t a b i l i t y  i s  
dependent upon t h e  p o s i t i o n  of t h e  magnetic f i e l d - a l i g n e d  p o t e n t i a l  
s t r u c t u r e .  The p r o p e r t i e s  of E I C  waves i n  t h e  presence  of double  l a y e r  
a r e  d i scussed  i n  r e l a t i o n  t o  t h e  p o s s i b l e  e x c i t a t i o n  mechanisms 
( f i e l d - a l i g n e d  c u r r e n t s ,  i o n  and e l e c t r o n  beams, and p e r p e n d i c u l a r  E 
f i e l d s )  . 
2. Plasma Waves Observed by t h e  IRM and UKS Spacec ra f t  During t h e  
AMPTE S o l a r  Wind Li thium Releases:  Overview 
B. HAEUSLER, Lo J. WOOLISCHROFT, R. Re ANDERSON, D. A. GURNETT, 
R. H e  HOLZWORTH, H. C. KOONS, 0. H e  BAUER, G. HAERENDEL, R. A. 
TREUMA",  P. J. CHRISTIANSEN, A. G. DARBYSHIRE, M. P. GOUGH, S. R. 
JONES, A. J. NORRIS, H. LUEHER and H. KLOCKER 
J. Geophysical R e s , ,  - 91, 1283, 1986. 
The two September 1984 s o l a r  wind  l i t h i u m  r e l e a s e s  produced a r i c h  
v a r i e t y  of plasma waves which have been measured i n  s i t u  by t h e  plasma 
wave i n s t r u m e n t a t i o n  on board t h e  AMPTE/IRM and UKS s p a c e c r a f t .  
R e f l e c t i o n  of t h e  n a t u r a l  g a l a c t i c  and terrestr ia l  e l e c t r o m a g n e t i c  
r a d i a t i o n  from t h e  dense  t i - p l a s m a  caused a c u t o f f  i n  t h e  high- 
f requency  e lec t r ic  f i e l d  i n t e n s i t i e s  from which t h e  tempora l  and 
s p a t i a l  v a r i a t i o n  of t h e  plasma d e n s i t y  can be determined. I n s i d e  t h e  
d iamagnet ic  c a v i t y  t h e  e l e c t r o n  plasma f requency  and t e m p o r a r i l y  a l s o  
t h e  Li-plasma frequency have been exc i ted .  The emiss ion  a t  t h e  elec- 
t r o n  plasma frequency is  nea r  t h e  thermal f l u c t u a t i o n  l e v e l .  I n  addi-  
t i o n  weak low frequency ion-acous t ic  waves were observed. The boundary 
between t h e  d iamagnet ic  c a v i t y  and th,e e x t e r n a l  magnet ic  f i e l d  was 
found t o  be s u r p r i s i n g l y  s t a b l e  and contained ex t remely  low l e v e l s  of 
wave a c t i v i t y .  I n  t h e  t r a n s i t i o n  region from t h e  d iamagnet ic  c a v i t y  t o  
t h e  s o l a r  wind, h igh  wave a c t i v i t y  a t  t h e  medium and very  low frequen-  
c ies  propagat ing  mainly i n  t h e  ion-acous t ic  and e l e c t r o s t a t i c  c y c l o t r o n  
harmonic modes was encountered.  No wave magnet ic  f i e l d s  were d e t e c t e d  
i n  t h i s  region.  The upstream edge of t h e  t r a n s i t i o n  r eg ion  w a s  
c h a r a c t e r i z e d  by a s t e e p  decay i n  magnetic f i e l d  s t r e n g t h ,  d e n s i t y ,  and 
by a sudden i n c r e a s e  i n  t h e  q u a s i - s t a t i c  e l e c t r i c  f i e l d .  A t  t h i s  t i m e  
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t h e  ELF/MF rms wave amplitude exp los ive ly  i n c r e a s e d  t o  a v a l u e  of 50 
mV/m and remained a t  an enhanced l e v e l  f o r  more than 1 min. 
trum of t h i s  wave a c t i v i t y  i s  s i m i l a r  t o  t h e  e l e c t r o s t a t i c  n o i s e  
observed i n  c o l l i s i o n l e s s  shocks.  D a t a  from t h e  UKS i n d i c a t e  t h a t  
du r ing  t h e  releases UKS was i n  t h e  magnetic t r a n s i t i o n  zone. The wave 
a c t i v i t y  a t  UKS was d i s t i n c t l y  d i f f e r e n t  from t h a t  encountered by t h e  
IRM. The i n t e n s e  emiss ion  a t  t h e  e l e c t r o s t a t i c  shock- l ike  t r a n s i t i o n  
was weaker than on t h e  IRM and f o r  the second release appeared a t  a 
d i f f e r e n t  time. This  can be r e l a t e d  t o  t h e  d i f f e r e n t  p o s i t i o n s  of t h e  
two s p a c e c r a f t  with r e s p e c t  t o  t h e  i n t e r a c t i o n  regions.  D e s p i t e  t h e  
h igh  wave i n t e n s i t i e s ,  t h e  e s t ima ted  wave energy  d e n s i t i e s  are, 
however, t oo  low by o r d e r s  of magnitude t o  d r i v e  s i g n i f i c a n t  magnetic 
f i e l d  d i f f u s i o n  dur ing  t h e  i n  s i t u  obse rva t ion  times. Some d i f f e r e n c e s  
i n  t h e  wave e x c i t a t i o n s  f o r  t h e  two r e l e a s e s  can be t r a c e d  back t o  t h e  
d i f f e r e n t  s o l a r  wind c o n d i t i o n s .  
The spec- 
3. Analys is  and I n t e r p r e t a t i o n  of the Shock-Like E l e c t r o s t a t i c  Noise 
Observed During t h e  AMPTE S o l a r  Wind Lithium Releases  
D. Am GURNETT, T. Z. MA, Re R. ANDERSON, 0.  H e  BAUER, G. 
HAERENDEL, B e  HAUESLER, G. PASCHMA", Re A. TREUMA", Ha C. KOONS, 
R. HOLZWORTH and H. LUEHR 
J. Geophys. Res., - 91, 1301, 1986. 
During t h e  AMPTE (Act ive Magnetospheric P a r t i c l e  T race r  E x p l o r e r s )  
s o l a r  wind l i t h i u m  release on September 11, and aga in  ;n September 20, 
1984, a n  i n t e n s e  b u r s t  of e l e c t r o s t a t i c  n o i s e  was observed nea r  t h e  
.upstream edge of t h e  i o n  cloud. Comparisons wi th  measurements by t h e  
IMP-6 and ISEE-1 s p a c e c r a f t  show t h a t  t h e  spectrum and o v e r a l l  f e a t u r e s  
of t h i s  no i se  are very  s i m i l a r  t o  e l e c t r o s t a t i c  n o i s e  observed a t  t h e  
e a r t h ' s  bow shock. A s t a b i l i t y  a n a l y s i s  u s i n g  r e a l i s t i c  parameters  
shows t h a t  t h e  e l e c t r o s t a t i c  n o i s e  can be accounted f o r  by an i o n  beam- 
plasma i n s t a b i l i t y  caused by t h e  s o l a r  wind pro ton  beam s t r eaming  
through t h e  n e a r l y  s t a t i o n a r y  l i t h i u m  cloud. The growth ra te  of t h i s  
i n s t a b i l i t y  is l a r g e s t  when t h e  i o n  d e n s i t y  and s o l a r  wind p ro ton  den- 
s i t y  are s imilar ,  which e x p l a i n s  why t h e  n o i s e  only occur s  near  t h e  
o u t e r  edge of the  i o n  cloud. 
a shock may e x i s t  i n  t h e  s o l a r  wind plasma flow ups t r eam of t h e  i o n  
cloud. I f  t h e  n o i s e  is  a s s o c i a t e d  with a shock,  t hen  i t  must be an 
e l e c t r o s t a t i c  shock, s i n c e  t h e  i o n  cyc lo t ron  r a d i i  are too sma l l  f o r  
t h e  e x i s t e n c e  of a MHD shock. Since t h e  e l e c t r o s t a t i c  i n s t a b i l i t y  
occur s  a t  phase v e l o c i t i e s  nea r  t h e  l i t h i u m  thermal v e l o c i t y ,  t h e  e l e c -  
t r o s t a t i c  t u rbu lence  may p l a y  a r o l e  i n  h e a t i n g  t h e  l i t h i u m  i o n s  and 
t r a n s f e r r i n g  momentum from t h e  s o l a r  wind t o  t h e  i o n  cloud. The n o i s e  
may a l s o  p l a y  a r o l e  i n  t h e  pitch-angle s c a t t e r i n g  and d i f f u s i o n  of 
e n e r g e t i c  e l e c t r o n s  observed i n  t h e  v i c i n i t y  of t h e  i o n  cloud.  Because 
of t h e  s i m i l a r i t y  t o  t h e  s o l a r  wind i n t e r a c t i o n  wi th  t h e  gaseous  
envelope  of a comet, i t  is expec ted  t h a t  similar types  of wave-pa r t i c l e  
e f f e c t s  may occur upstream of comets. 
The s i m i l a r i t y  t o  the  n o i s e  i n  the e a r t h ' s  bow shock s u g g e s t s  t h a t  
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4.  Whistler-Mode Rad ia t ion  From the  Space lab  2 E l e c t r o n  Beam 
BUSH and W. J. RAITT 
D *  A =  GURNETT, W. S. KURTH, J. T. STEINBERG, P. M e  BANKS, R e  I. 
-, 13, 225-228, 1986. -
During t h e  Spacelab 2 mis s ion  the  Plasma Diagnos t i c s  Package (PDP) 
performed a fly-around of t h e  s h u t t l e  a t  d i s t a n c e s  of up t o  300 meters 
whi le  a n  e l e c t r o n  beam w a s  be ing  e j e c t e d  from t h e  s h u t t l e .  We d i s c u s s  
a magnet ic  con junc t ion  of t h e  s h u t t l e  and t h e  PDP whi le  t h e  e l e c t r o n  
gun was o p e r a t i n g  i n  a s t e a d y  (DC) mode. During t h i s  con junc t ion ,  t h e  
PDP d e t e c t e d  a clear funnel-shaped emission t h a t  i s  be l i eved  t o  be 
caused by whistler-mode emission from t h e  beam. Ray-path c a l c u l a t i o n s  
show t h a t  t h e  shape of t h e  funne l  can be accounted f o r  by whistler-mode 
waves propagat ing  nea r  t h e  resonance cone. Because t h e  beam and waves 
a r e  propagat ing  i n  t h e  same d i r e c t i o n ,  t h e  r a d i a t i o n  must be produced 
by a Landau, w/kll = Vb, i n t e r a c t i o n  wi th  t h e  beam. 
waves gene ra t ed  by t h e  beam a r e  a l s o  desc r ibed .  
Other  t ypes  of 
5. Dust P a r t i c l e s  Detected Near Giacobini-Zinner by t h e  Ice Plasma 
Wave Ins t rument  
Geophys. Res .  Le t t . ,  - 13, 291-294, 1986. 
During t h e  ICE f l y b y  of Giacobini-Zinner t h e  plasma wave i n s t r u -  
D. A. GURNETT, T. F. AVERKAMJ? , F. L. SCARF AND E. GRUN 
ment d e t e c t e d  numerous impulsive s i g n a l s  caused by d u s t  impacts  on t h e  
s p a c e c r a f t .  Most of t h e  impacts  occurred w i t h i n  30,000 km of t h e  
comet. The impact r a t e  averaged over  t h e  inbound and outbound l e g s  
v a r i e s  approximate ly  as 1 / r2 ,  as would be expec ted  f o r  an  i s o t r o p i c  
c o n s t a n t  v e l o c i t y  r a d i a l  outf low.  Small d i f f e r e n c e s  between t h e  
inbound and outbound l e g s  e x i s t  which may be i n d i c a t i v e  of az imutha l  
v a r i a t i o n s  i n  t h e  d u s t  p roduct ion  rate. A s imple  model of t h e  impact 
i o n i z a t i o n  and charge c o l l e c t i o n  by the  an tenna  i n d i c a t e s  t h a t  t h e  
p a r t i c l e s  have a mass on t h e  o r d e r  of 
t o  p a r t i c l e s  w i th  r a d i i  of a few microns. 
t o  10-l0 gm, cor responding  
6.  New Waves a t  Mul t ip l e s  of t h e  Plasma Frequency Upstream of t h e  
E a r t h ' s  Bow Shock 
I V E R  CAIRNS 
J. Geophys. R e s . ,  - 91, 2975-2988, 1986. 
The f i r s t  obse rva t ions  of waves a t  harmonics h ighe r  t h a n  t h e  
second of t h e  e l e c t r o n  plasma frequency are r epor t ed .  The o b s e r v a t i o n s  
were made by t h e  ISEE-1 s p a c e c r a f t  upstream of t h e  E a r t h ' s  bow shock. 
The waves are i n t e r p r e t e d  a s  e l ec t romagne t i c  r a d i a t i o n  a t  t h e  funda- 
mental  and up t o  t h e  f i f t h  harmonic of t h e  plasma f requency ,  w i t h  
e f f e c t i v e  tempera tures  dec reas ing  from 5 x 10i7K t o  108K over  t h i s  
range. Two models f o r  t h e  emiss ion  of t h e  waves are ske tched .  
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7. D i spe r s ive  Ducting of MHD Waves i n  t h e  Plasma Shee t :  A Source of 
P i2  Wave Burs t s  
P. M. EDWIN, B. ROBERTS and W. J. HUGHES 
Geophys. Res. L e t t . ,  13, 373-376, 1986. 
F a s t  magnetoacoust ic  waves can be duc ted  by plasma inhomogenei t ies  
such as t h e  plasma shee t .  A s  t h i s  duc t ing  is d i s p e r s i v e  an  impuls ive  
source  w i l l  g i v e  r ise t o  a wel l -def ined,  quas i -pe r iod ic  wave packet  
w i th  time-scales determined by t h e  width of t h e  inhomogeneity and 
c h a r a c t e r i s t i c  speeds i n  t h e  wave duct and sur rounding  medium. The 
d u r a t i o n  of t h e  wave packet  depends upon t h e  d i s t a n c e  from t h e  source .  
We a rgue  t h a t  an  impuls ive  sourve i n t h e  lasma s h e e t  a t  substorm o n s e t  
w i l l  produce a wave packet  nea r  e a r t h  w i t h  c h a r a c t e r i s t i c s  similar t o  
p i 2  wave b u r s t s  and put  t h i s  i dea  forward as a mechanism for t h e  
g e n e r a t i o n  of p i2  p u l s a t i o n s .  
8. AKR S i g n a l  I n c r e a s e s  Caused by Tr igge r ing  
W. M. FARRELL, W. CALVERT and D. A. GURNETT 
Geophys. Res. L e t t . ,  13, 370-372, 1986. 
T h i s  paper  p r e s e n t s  a s tudy  of the ampl i tude  i n c r e a s e s  which 
accompany t h e  t r i g g e r i n g  of a u r o r a l  k i l o m e t r i c  r a d i a t i o n  (AKR) by 
Type-I11 s o l a r  r a d i o  b u r s t s .  IMP-8 da ta  were used t o  de te rmine  t h e  
s i g n a l  i n c r e a s e s  observed du r ing  one-hour pe r iods  be fo re  and a f t e r  
Type-I11 b u r s t s  a t  100 kHz, 178 kHz and 500 kHz and t h e s e  were compared 
wi th  s imilar  obse rva t ions  when t h e  Type-111 b u r s t s  were absent .  The 
r e s u l t s  i n d i c a t e  t h a t  between 8 t o  16% of t h e  Type-111 b u r s t s  caused 
s t a t i s t i c a l l y  s i g n i f i c a n t  i n t e n s i t y  i n c r e a s e s  and t h a t  i n f r e q u e n t  l a r g e  
s i g n a l  i n c r e a s e s  of sometimes 20 dB or more tended t o  c h a r a c t e r i z e  t h e  
t r i g g e r e d  AKR, r a t h e r  than  a l a r g e  p ropor t ion  of small i n c r e a s e s .  
9. On the Time  I n t e r v a l  Between Success ive  L igh tn ing  F la shes  
N e  D'ANGELO 
Ann. Geophys., - 4,  343, 1986. 
A sugges t ion  by Pa thak  e t  al .  (1980), t h a t  the e l e c t r o c h e m i c a l  
charge  s e p a r a t i o n  mechanism i n  thunderclouds i s  capab le  of accoun t ing  
f o r  i n t e r f l a s h  t i m e  i n t e r v a l s  of 10 s o r  less, i s  examined on t h e  
b a s i s  of a r e c e n t  model by t h e  au thor .  Agreement i s  found wi th  
Pa thak ' s  sugges t ion .  
10. A Labora tory  Study of Ion Energ iza t ion  by E I C  Waves and Subsequent 
Upstreaming Along Diverging Magnetic F i e l d  Lines  
S. L. CARTIER, N. D'ANGELO and R. L. MERLIN0 
J. Geophys. Res., - 91, 8025, 1986. 
A l a b o r a t o r y  s tudy  r e l a t e d  t o  e n e r g e t i c  upstreaming ions  i n  t h e  
ionosphere-magnetosphere system is descr ibed .  The experiment  was 
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c a r r i e d  ou t  i n  a cesium Q-machine plasma wi th  a r eg ion  of nonuniform 
magnetic f i e l d .  E l e c t r o s t a t i c  ion-cyclotron waves were e x c i t e d  by 
drawing an  e l e c t r o n  c u r r e n t  t o  a small  b iased  e x c i t e r  e l e c t r o d e .  I n  
t h e  presence of t h e  i n s t a b i l i t y ,  ions a r e  hea ted  i n  t h e  d i r e c t i o n  
pe rpend icu la r  t o  B. Using a gr idded  r e t a r d i n g  p o t e n t i a l  ion-energy 
a n a l y z e r ,  we follTwed t h e  e v o l u t i o n  of t h e  i o n  v e l o c i t y  d i s t r i b u t i o n  
a s  t he  ions  passed through t h e  hea t ing  reg ion  and subsequent ly  flowed 
o u t  a long  t h e  d ive rg ing  B-f ie ld  l i n e s .  A s  expec ted ,  t h e  hea ted  i o n s  
t r a n s f e r  t h e i r  energy from perpendicular  t o  p a r a l l e l  motion as they  
move through t h e  reg ion  of d ive rg ing  B f i e l d .  Both t h e i r  p a r a l l e l  
thermal  energy and t h e  p a r a l l e l  dr i f t -energy i n c r e a s e  a t  t h e  expense 
of t he  pe rpend icu la r  energy. 
11. Labora tory  Observa t ions  of Ion-Cyclotron Waves Associated With a 
Double Layer i n  an Inhomogeneous Magnetic F i e l d  
M. L. ALPORT, S. L. CARTIER and R. L. MERLIN0 
J. Geophys. Res . ,  2, 1599, 1986. 
Observa t ions  of coherent  e l e c t r o s t a t i c  ion-cyc lo t ron  (EIC) waves 
a s s o c i a t e d  wi th  a s t r o n g ,  magnetized double  l a y e r  are p resen t .  The 
double l a y e r s  are produced i n  a weakly ion ized  argon plasma by app ly ing  
a p o s i t i v e  p o t e n t i a l  t o  an  e l e c t r o d e  p l a t e  l oca t ed  i n  a d i v e r g i n g ,  
s o l e n o i d a l  magnetic f i e l d  r eg ion  of a c y l i n d r i c a l  plasma column. 
I o n i z a t i o n  w i t h i n  t h e  e l e c t r o d e  shea th  i s  e s s e n t i a l  t o  t h e  format ion  of 
t h e s e  double  l a y e r s .  The r e s u l t i n g  V-shaped p o t e n t i a l  s t r u c t u r e s  have 
extended p a r a l l e l ,  ob l ique  and perpendicular  ( t o  B) e l e c t r i c  f i e l d  
components. The f requency  of t e h  ion-cyclotron i n s t a b i l i t y  i s  
dependent upon t h e  p o s i t i o n  of t h e  magnetic f i e l d - a l i g n e d  p o t e n t i a l  
s t r u c t u r e .  The p r o p e r t i e s  of E I C  waves i n  t h e  presence of double  l a y e r  
a r e  d i scussed  i n  r e l a t i o n  t o  t h e  p o s s i b l e  e x c i t a t i o n  mechanisms ( f i e l d -  
a l i g n e d  c u r r e n t s ,  i o n  and e l e c t r o n  beams, and pe rpend icu la r  E f i e l d s ) .  
12.  Magnetohydrodynamic S o l i t o n s  and Radio Knots i n  Jets 
R. FIEDLER 
Ape J., 305, 100, 1986. 
Weakly non l inea r  s u r f a c e  waves a re  examined i n  t h e  con tex t  of t he  
beam model f o r  j e t l i k e  r a d i o  sources .  By i n t r o d u c i n g  a f i n i t e  s c a l e  
l e n g t h ,  v i a  t h e  beam r a d i u s ,  geometr ica l  d i s p e r s i o n  can a c t  t o  ba lance  
n o n l i n e a r  wave growth and thereby  produce s o l i t o n s ,  l o c a l i z e d  wave 
packets  of s t  a b l e  waveform. A method for o b t a i n i n g  a s o l i t o n  equa t ion  
from t h e  MHD equa t ions  i s  p resen ted  and then  a p p l i e d  t o  r a d i o  kno t s  i n  
jets. 
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13. F i r s t  Plasma Wave Observa t ions  a t  Uranus 
D. A. GURNETT, W. S. KURTH, F. L. SCARF and R. L. POYNTER 
Sc ience ,  - 233, 106, 1986. 
Radio emiss ions  from Uranus were d e t e c t e d  by t h e  Voyager 2 plasma 
wave in s t rumen t  about 5 days be fo re  c l o s e s t  approach a t  f r e q u e n c i e s  of 
31.1 and 56.2 kHz. The bow shock was i d e n t i f i e d  by a n  a b r u p t  broadband 
b u r s t  of e l e c t r o s t a t i c  t u rbu lence  about 10 hours  b e f o r e  c l o s e s t  
approach a t  a r a d i a l  d i s t a n c e  of 23.5 Ru. Once i n s i d e  of t h e  magneto- 
sphe re  s t r o n g  whistler-mode h i s s  and chorus  emiss ions  were observed a t  
r a d i a l  d i s t a n c e s  less than  about  8 Ru, i n  t h e  same reg ion  where t h e  
e n e r g e t i c  p a r t i c l e  i n s t rumen t s  de t ec t ed  i n t e n s e  f l u x e s  of e n e r g e t i c  
e l e c t r o n s .  A v a r i e t y  of o t h e r  plasma waves, such as 3fc /2  e l e c t r o n  
c y c l o t r o n  waves, were a l s o  observed i n  t h i s  same reg ion .  A t  t h e  r i n g  
p l ane  c r o s s i n g  t h e  plasma wave ins t rument  d e t e c t e d  a l a r g e  number of 
impuls ive  e v e n t s  t h a t  a r e  i n t e r p r e t e d  as impacts  of micron-sized d u s t  
p a r t i c l e s  on t h e  s p a c e c r a f t .  The maximum impact rate was about  20 t o  
30 impac t s / sec ,  and t h e  north-south th i ckness  of t h e  i m p a c t  r eg ion  was 
about  4,000 km. 
14. Plasma Waves Assoc ia ted  With the F i r s t  AMPTE Magneto ta i l  Barium 
Release 
HAERENDEL, 0. H. BAUER, H. C. KOONS and R. H. HOLZWORTH 
Geophys. Res. L e t t . ,  - 13, 6 4 4 ,  1986. 
D e  A. GURNETT, R e  R e  ANDERSON, P. A. BERNHARDT, H. LUEHR, G. 
Plasma waves observed du r ing  the  March 21, 1985, AMPTE m a g n e t o t a i l  
barium release are descr ibed .  E lec t ron  plasma o s c i l l a t i o n s  provided 
l o c a l  measurements of t h e  plasma d e n s i t y  d u r i n g  both  t h e  expansion and 
decay phases.  Immediately a f t e r  t h e  e x p l o s i o n  t h e  e l e c t r o n  d e n s i t y  
reached a peak of about 4 x lo5 cm-3, and t h e n  s t a r t e d  dec reas ing  
approximate ly  a s  t - 2 0 ~  as t h e  cloud expanded. About 6 minutes  a f t e r  
t h e  exp los ion  t h e  e l e c t r o n  d e n s i t y  suddenly began t o  i n c r e a s e ,  reached 
a secondary  peak of about  2.4 x lo2 ~ m - ~ ,  and then  s lowly  decayed down 
t o  t h e  pre-event l e v e l  over  a per iod  of about  15 minutes .  The d e n s i t y  
i n c r e a s e  is be l i eved  t o  be caused by t h e  c o l l a p s e  of t h e  i o n  cloud i n t o  
t h e  d iamagnet ic  c a v i t y  c r e a t e d  by the i n i t i a l  expansion.  The plasma 
wave i n t e n s i t i e s  observed du r ing  t h e  e n t i r e  even t  were q u i t e  low. I n  
t h e  d iamagnet ic  c a v i t y  e l e c t r o s t a t i c  emis s ions  were observed nea r  t h e  
barium i o n  plasma f requency ,  and i n  ano the r  band a t  lower f r equenc ie s .  
A broadband b u r s t  of e l e c t r o s t a t i c  noise  was a l s o  observed a t  t h e  
boundary of t h e  d iamagnet ic  c a v i t y .  Except f o r  e l e c t r o n  plasma 
o s c i l l a t i o n s  no s i g n i f i c a n t  wave a c t i v i t y  was observed o u t s i d e  of t h e  
d iamagnet ic  cav i ty .  
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15. Magnetic Field Corrections to Solar Oscillation Frequencies 
B. ROBERTS and W. R. CAMPBELL 
Nature, 323, 603, 1986. 
The presence of magnetic field both deep within the Sun and in its 
atmosphere raises the question of the field's influence on the p- and 
g-modes of oscillation and the implications for helioseismology. 
Observations1 s 2  of p-modes, in particular, have permitted a theoretical 
determination3 of the run of sound speed within the solar interior, 
thus providing a seismological probe of the Sun's depths. Magnetic 
fields within the Sun are likely to be too weak to significantly affect 
this determination of the sound speed. Nonetheless, magnetic fields 
may modify the oscillation frequencies in a distinctive fashion, 
thereby raising the possibility of placing limits on interior field 
strengths through frequency measurements.4 Recently, Woodard and 
Noyes5 have reported a slight but systematic decrease in frequencies of 
low degree p-modes from 1980 to 1984. Here we argue that the frequen- 
cies of both p- and g-modes are modified by a magnetic field. In 
particular, we attribute the decrease in p-mode frequencies to a mag- 
netic field within the solar interior evolving over the solar cycle. 
Field strengths at the base of the convection zone of at least 5 x 105G 
are required. 
16. Waves and Electric Fields Associated With the First AMPTE 
Artificial Comet 
PASCHMANN, 0. H. BAUER, R. A. TREUMA", H. C. KOONS, R. HOLZWORTH 
and H. LUEHR 
J. Geophys. Res., - 91, 10,013, 1986. 
D. A. GURNETT, T. Z. MA, R. R. ANDERSON, G. HAERENDEL, G. 
A variety of plasma wave and electric field effects were observed 
during the AMPTE (Active Magnetospheric Particle - Tracer Explorers) 
solar wind barium releaseon December 2 7 5  1984. Electron plasma oscil- 
lations at the local electron plasma frequency provided measurements of 
the electron density during the entire event. Inside the diamagnetic 
cavity created by the ion cloud, the electron density reached a peak of 
about 2 x lo5 cm-3, then decreased approximately as te2 as the cloud 
expanded. A static electric field of about 1 to 2 mVolt/m was detected 
in the diamagnetic cavity. This electric field is in the same direc- 
tion as the solar wind electric field, suggesting that polarization 
charges in the ion cloud are not effective at shielding out an external 
electric field. A s  the spacecraft passed through the boundary of the 
diamagnetic cavity, a region of compressed plasma and magnetic field 
was detected upstream of the ion cloud with a peak density of about 
compressed plasma is believed to be caused by solar wind plasma and 
magnetic field lines draped around the noise of the ion cloud. Inside 
the diamagnetic cavity electrostatic emissions were observed in a 
narrow band centered on the barium ion plasma frequency and in another 
and magnetic field strength of 130 nT. This region of 
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band a t  lower f r equenc ie s .  These waves are be l i eved  t o  be s h o r t  wave- 
l e n g t h  ion  a c o u s t i c  waves. Burs t s  of e l e c t r o s t a t i c  waves were a l s o  
observed a t  t h e  boundaries  of t he  diamagnet ic  c a v i t y ,  a p p a r e n t l y  caused 
by an e l e c t r o n  d r i f t  c u r r e n t  a long  t h e  boundary. Near t h e  o u t e r  
boundary of t h e  plasma compression reg ion ,  an  i n t e n s e  b u r s t  of broad- 
band e l e c t r o s t a t i c  n o i s e  was observed w i t h  i n t e n s i t i e s  of up t o  140 
mVolts/m. This  n o i s e  i s  a p p a r e n t l y  a s s o c i a t e d  w i t h  a shock- l ike  i n t e r -  
a c t i o n  between t h e  i o n  cloud and t h e  s o l a r  wind. Growth ra te  computa- 
t i o n s  show t h a t  t h i s  n o i s e  can be accounted f o r  by a n  e l e c t r o s t a t i c  i o n  
beam-plasma i n t e r a c t i o n  between t h e  nea r ly  s t a t i o n a r y  barium i o n s  and 
t h e  r a p i d l y  moving s o l a r  wind protons.  
17. The Conductance of Auroral  Magnetic F i e l d  Lines  
D. R. WEIMER, D. A. GURNETT and C. K. GOERTZ 
Ion  Acce le ra t ion  i n  t h e  Magnetosphere and Ionosphere ,  Geophysical  
Monograph 38, p. 108, 1986. 
Recent results from t h e  Dynamics Exp lo re r  s a t e l l i t e s  have i n d i -  
c a t e d  that  i n  t h e  a u r o r a l  zone a l i n e a r  r e l a t i o n s h i p  exis ts  between t h e  
f i e l d - a l i g n e d  c u r r e n t  d e n s i t y  and the p o t e n t i a l  drop para l le l  t o  t h e  
magnet ic  f i e l d  l i n e s .  Evidence f o r  t h i s  “Ohm’s l a w ”  r e l a t i o n s h i p  was 
found i n  t h e  mapping of perpendicular  e l ec t r i c  f i e l d s  and f i e l d - a l i g n e d  
c u r r e n t s  between h igh  and low a l t i t u d e s .  The mapping depends on t h e  
pe rpend icu la r  wavelength of t h e  e lec t r ic  f i e l d  v a r i a t i o n s .  A scale 
l e n g t h  i n  t h e  mapping formula i s  determined by t h e  r a t i o  of t h e  
p a r a l l e l  f i e l d  l i n e  conductance and the i o n o s p h e r i c  Pedersen  conduc- 
tance .  The wavelength and t h e  conduc t iv i ty  r a t i o  a l s o  c o n t r o l  t h e  
r e l a t i o n s h i p  between t h e  perpendicular  e l ec t r i c  and magnet ic  f i e l d s  a t  
h igh  a l t i t u d e s .  
c o n d u c t i v i t y  i s  no longe r  impor tan t  i n  t h e  r e l a t i o n s h i p  between t h e  
nor th-south  e lec t r ic  f i e l d  and t h e  east-west magnet ic  f i e l d  a t  h igh  
a l t i t u d e s  (i.e.,  above t h e  p a r a l l e l  p o t e n t i a l  drop) .  A t  t h e  s h o r t -  
wavelength l i m i t  t h e  r e l a t i o n s h i p  takes  on a s imple  form. The i n t e g r a l  
of t h e  pe rpend icu la r  e l e c t r i c  f i e l d  r e s u l t s  i n  a p o t e n t i a l  p r o f i l e  
which, accord ing  t o  t h e  l i n e a r  theory ,  i s  p r o p o r t i o n a l  t o  t h e  c u r r e n t  
d e n s i t y .  Assuming t h a t  t h e  c u r r e n t s  a r e  i n  t h e  form of “ i n f i n i t e  
s h e e r s ”  o r i e n t a t e d  east-west, t h e  second i n t e g r a l  of t h e  e l e c t r i c  f i e l d  
i s  p r o p o r t i o n a l  t o  t h e  magnet ic  f i e l d .  
f o r  two even t s  wi th  very  l a r g e  e lec t r ic  f i e l d s  which r eve r sed  d i r e c -  
t i o n s  w i t h i n  a s h o r t  d i s t a n c e .  The r e s u l t s  a g r e e  very  w e l l  w i th  t h e  
l i n e a r  theory.  The f i e l d  l i n e  conductance is determined t o  be of t h e  
o r d e r  of The same conductance appea r s  t o  be v a l i d  f o r  
bo th  upward and downward c u r r e n t s .  Ions a r e  a c c e l e r a t e d  from t h e  iono- 
sphe re  t o  magnetosphere by t h e  p o t e n t i a l  d rops  i n  r eg ions  of upward 
c u r r e n t .  
We show he re  t h a t  a t  t h e  short-wavelength l i m i t  t h e  ionosphe r i c  
High-time r e s o l u t i o n  d a t a  from the DE-1 s a t e l l i t e  are shown h e r e  
mho/m2. 
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18. Evidence f o r  Parametric Decay of Langmuir Waves i n  S o l a r  Type 111 
Radio Burs t s  
R. P. L IN,  W. LOTKO, D. A. GURNETT and F. L. SCARF 
Ap. J., 308, 954, 1986. 
We presen t  evidence f o r  t h e  paramet r ic  decay of Langmuir waves i n  
t h e  s o l a r  wind i n t o  t r a n s v e r s e  e l ec t romagne t i c  waves and i o n  a c o u s t i c  
waves. The Langmuir waves a r e  d r i v e n  by e l e c t r o n  beams a s s o c i a t e d  w i t h  
Type-I11 s o l a r  r a d i o  b u r s t s  i n  t h e  i n t e r p l a n e t a r y  medium. Ion  a c o u s t i c  
waves wi th  wave number approximate ly  equa l  t o  t h e  beam resonan t  
Langmuir wave number a r e  observed co inc iden t  i n  t i m e  w i th  t h e  most 
i n t e n s e  s p i k e s  of t h e  Langmuir waves. Th i s  decay p rocess  may provide  
t h e  Type-I11 r a d i o  emiss ion  nea r  t h e  plasma frequency.  
19. Transverse  Auroral  Ion  Energ iza t ion  Observed on DE-1 With 
Simultaneous Plasma Wave and Ion Composition Measurements 
W. K. PETERSON, E. G. SHELLEY, S. A. BOARDSEN and D. A. GURNETT 
I o n  Acce le ra t ion  i n  t h e  Magnetosphere and Ionosphere ,  Geophysical  
Monograph 38, p. 43,  1986. 
The abundance of oxygen i o n s  observed f lowing  i n t o  t h e  magneto- 
sphe re  can not  be exp la ined  by a s i n g l e  s t e p ,  p a r a l l e l  a c c e l e r a t i o n  
mechanism. Some t r a n s v e r s e  e n e r g i z a t i o n  of i o n o s p h e r i c  i o n s  i s  
r e q u i r e d  and has  been observed from ionosphe r i c  a l t i t u d e s  t o  t h e  plasma 
l o b e s  i n  t h e  e a r t h ' s  magneto ta i l .  Progress  i n  unders tanding  t h e  n a t u r e  
of t h e  va r ious  t r a n s v e r s e  e n e r g i z a t i o n  mechanisms has  been s low because 
of t h e  r e l a t i v e  l a c k  of examples wi th  s u f f i c i e n t l y  r e so lved  ( i n  time, 
energy ,  and f requency)  p a r t i c l e  and wave da ta .  S t a r t i n g  i n  e a r l y  1984 
t h e  Dynamics Explorer-1 s y s t e m a t i c a l l y  acqu i r ed  a coord ina ted  se t  of 
h igh  time r e s o l u t i o n  plasma and plasma wave o b s e r v a t i o n s  from t h e  
e a r t h ' s  a u r o r a l  zone. We have s e l e c t e d  s e v e r a l  i n t e r v a l s  from t h e  0 t o  
10 kHz, wideband d a t a  from t h e  Dynamics Explorer-1 s a t e l l i t e  wi th  
i n t e n s e  low frequency emiss ions  wi th  evidence of harmonic s t r u c t u r e  and 
have examined i n  d e t a i l  t h e  h igh  r e s o l u t i o n  i o n  d a t a  ob ta ined  s imul t a -  
neously.  I n  t h i s  r e p o r t  w e  p r e s e n t  d e t a i l e d  d a t a  from e v e n t s  i n  t h e  
cusp and evening a u r o r a l  zone and commment b r i e f l y  on how t h e s e  d a t a  
can be used t o  more f u l l y  unders tand  a u r o r a l  a c c e l e r a t i o n  processes .  
20. DE 1 Observa t ions  of Harmonic Auroral  K i l o m e t r i c  Rad ia t ion  
M. M. MELLOTT, R. L. HUFF and D: A. GURNETT 
J. Geophys. R e s . ,  - 91,  13,732, 1986. 
The plasma wave ins t rument  onboard t h e  DE-1 s p a c e c r a f t  has  
observed  s e v e r a l  i n t e r v a l s  of a u r o r a l  k i l o m e t r i c  r a d i a t i o n  (AKR) d u r i n g  
which harmonic s t r u c t u r e  i s  c l e a r l y  present .  Evidence,  some of which 
i s  based on unique c a p a b i l i t i e s  of the  DE i n s t r u m e n t ,  i s  p resen ted  
which a rgues  s t r o n g l y  t h a t  t h e  harmonic s t r u c t u r e s  are n a t u r a l  r a t h e r  
t h a n  i n s t r u m e n t a l  i n  o r i g i n .  The harmonic emiss ions  occur  i n f r e q u e n t -  
l y ,  b u t  when p r e s e n t  may p e r s i s t  f o r  i n t e r v a l s  of up t o  an  hour.  The 
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emiss ions  are r e l a t i v e l y  narrow band, and c o n s i s t  of a r e l a t i v e l y  weak 
fundamental  ( - 10-1 V2/m2-Hz) accompanied by a n  even weaker 
second harmonic. The r a t i o  of power i n  t h e  fundamental  band t o  t h e  
power i n  t h e  harmonic ranges from 10 t o  100. I n  a l l  cases, p o l a r i z a -  
t i o n  d a t a  i n d i c a t e s  t h a t  t h e  fundamental  i s  a le f t -hand  o r d i n a r y  (L-0) 
mode emiss ion  wh i l e  t h e  harmonic i s  a r ight-hand e x t r a o r d i n a r y  (R-X) 
mode. These obse rva t ions  are c o n s i s t e n t  w i th  p r e d i c t i o n s  based on t h e  
c y c l o t r o n  maser mechanism. 
21. E l e c t r o n  Plasma Waves i n  t h e  Solar  Wind: AMPTE/IRM and UKS 
Observa t ions  
R e  A. TREUMANN, 0. H. BAUER, J. LABELLE, G. HAERENDEL, Pa J. 
CHRISTIANSEN, A. G. DARBYSHIRE, A. J. NORRIS, Le J. C. 
WOOLLISCROFT, 
R. R. ANDERSON, D. A. GURENTT, R. W. HOLZWORTH, H. C. KOONS and 
Adv. i n  Space R e s . ,  - 6,  93,  1986. 
J. ROEDER 
Se lec t ed  even t s  of plasma wave and e l e c t r o m a g n e t i c  emis s ions  i n  
t h e  e a r t h ' s  e l e c t r o n  fore-shock region have been s t u d i e d .  S t rong  emis- 
s i o n s  a r e  observed i n  t h e  plasma-wave band when t h e  s i t e  of t h e  
s a t e l l i t e  is magne t i ca l ly  connected t o  t h e  bow shock. These emiss ions  
are g e n e r a l l y  h igh ly  f l u c t u a t i n g .  Under c e r t a i n  c o n d i t i o n s  one 
observes  e l ec t romagne t i c  r a d i a t i o n  a t  t h e  second harmonic produced 
l o c a l l y .  E lec t romagnet ic  emiss ion  genera ted  a t  a p o s i t i o n  f a r  away 
from t h e  s i t e  of t h e  s p a c e c r a f t  is o c c a s s i o n a l l y  d e t e c t e d  g i v i n g  rise 
t o  remote sens ing  of t h e  bow shock. These emiss ions  are r e l a t e d  t o  
e n e r g e t i c  e l e c t r o n  f l u x e s .  
22. S a t e l l i t e  I n t e r f e r o m e t r i c  Measurements of Aurora l  K i lome t r i c  
Rad ia t ion  
M. M. BAUMBACK, D. A. GURNETT, W. CALVERT and S. D. SHAWHAN 
Geophys. Res. L e t t . ,  13, 1105, 1986. 
The f i r s t  s a t e l l i t e  i n t e r f e r o m e t r i c  measurements of a u r o r a l  k i l o -  
m e t r i c  r a d i a t i o n  (AKR) were performed by c r o s s - c o r r e l a t i n g  t h e  wave- 
forms d e t e c t e d  by t h e  ISEE 1 and I S E E  2 s p a c e c r a f t .  Such c o r r e l a t i o n s  
were measured a t  125 and 250 M z  f o r  p r o j e c t e d  b a s e l i n e s  ranging  from 
20 t o  3868 km. High c o r r e l a t i o n s  a r e  found a t  a l l  p r o j e c t e d  b a s e l i n e s ,  
w i t h  l i t t l e  o r  no tendency t o  decreas'e a t  long b a s e l i n e s .  
r e s u l t s  are i n t e r p r e t e d  d i f f e r e n t l y  f o r  i ncohe ren t  and cohe ren t  r ad ia -  
t i o n .  For incohe ren t  r a d i a t i o n ,  t h e  c o r r e l a t i o n  a s  a f u n c t i o n  of t h e  
b a s e l i n e  is t h e  F o u r i e r  t r ans fo rm of t h e  sou rce  b r i g h t n e s s  d i s t r i b u -  
t i o n ,  and t h i s  would imply a n  average source  r eg ion  d i ame te r  f o r  a l l  
t h e  b u r s t s  analyzed of less than  aboaut 10 km. For such  small sou rce  
d i a m e t e r s ,  t h e  r equ i r ed  growth r a t e s  a r e  t o o  l a r g e  t o  be exp la ined  by 
e x i s t i n g  incohe ren t  t h e o r i e s ,  s t r o n g l y  i n d i c a t i n g  t h a t  t h e  r a d i a t i o n  
must be coherent .  For  coherent  r a d i a t i o n ,  an  upper l i m i t  t o  t h e  sou rce  
These 
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reg ion  d iameter  can be i n f e r r e d  in s t ead  from t h e  angular  width of t h e  
r a d i a t i o n  p a t t e r n .  The c l o s e  s i m i l a r i t y  of t h e  s p e c t r a  a t  t h e  l o n g e s t  
b a s e l i n e s  i n d i c a t e s  t h a t  t h e  angu la r  width of t h e  r a d i a t i o n  p a t t e r n  
must be a t  least 2.5 deg rees ,  i m p l y i n g  t h a t  t h e  d iameter  of t h e  sou rce  
must be less than 20 km. A t  p r e s e n t ,  t h e  proposed closed-loop r a d i o  
l a s t i n g  model provides  t h e  only known mechanism f o r  g e n e r a t i n g  s o u r c e s  
t h i s  small. 
23. A Laboratory Study of C o l l i s i o n a l  E l e c t r o s t a t i c  Ion-Cyclotron 
Waves 
D. M. SUSZCYNSKY, S .  L. CARTIER, R. L. MERLIN0 and N. D'ANGELO 
J. Geophys. Res., 91, 13,729,  1986. 
The e f f e c t s  of n e u t r a l - p a r t i c l e  c o l l i s i o n s  on cu r ren t -d r iven  e l e c -  
t r o s t a t i c  i o n  cyc lo t ron  (EIC) waves a re  s t u d i e d  i n  a Q machine wi th  a 
Cesium (Cs+) plasma. We f i n d  t h a t  even when v i n  = 0.3 W c i ,  E I C  waves 
of s u b s t a n t i a l  ampli tude ( A  n /n  of s e v e r a l  p e r c e n t )  can be e x c i t e d .  
24. Current-Voltage R e l a t i o n s h i p  i n  Auroral  Current  Shee ts  
D. R e  WEIMER, D. A. GURNETT, C. K. GOERTZ, J. D. MENIETTI, J. L. 
BURCH and M. SUGIURA 
J. Geophys. Res., i n  p r e s s ,  1986. 
The cur ren t -vol tage  r e l a t i o n  wi th in  narrow a u r o r a l  c u r r e n t  s h e e t s  
is examined through t h e  use  of h igh - re so lu t ion  d a t a  from t h e  h igh  a l t i -  
t ude  Dynamics Explorer  1 s a t e l l i t e .  The north-south pe rpend icu la r  
e l e c t r i c  f i e l d  and t h e  east-west magnetic f i e l d  a r e  shown f o r  t h r e e  
cases i n  which t h e r e  are l a r g e  ampli tude,  o p p o s i t e l y  d i r e c t e d  p a i r e d  
e l ec t r i c  f i e l d s  and narrow c u r r e n t  shee ts .  These d a t a  a r e  shown t o  
i n d i c a t e  t h a t  t h e r e  i s  a l i n e a r  "Ohm's l a w "  r e l a t i o n s h i p  between t h e  
c u r r e n t  d e n s i t y  and t h e  para l le l  p o t e n t i a l  drop w i t h i n  t h e  narrow cur- 
r e n t  s h e e t s .  This  l i n e a r  r e l a t i o n s h i p  had p rev ious ly  been v e r i f i e d  f o r  
l a rge - sca l e  a u r o r a l  format ions  g r e a t e r  t han  20 km wide a t  t h e  iono- 
sphere.  The evidence shown he re  extends our  knowledge down t o  t h e  
s c a l e  s i z e  of d i s c r e t e  a u r o r a l  arcs. 
25. Guided MHD Waves as a Coronal Diagnos t ic  Tool 
B. ROBERTS 
Proceedings ,  So la r  Maximum Mission Workshop on 'Coronal and 
Prominence Plasmas,' ed. by A. I. Poland,  NASA, i n  p r e s s ,  1986. 
The coronal  atmosphere is observed t o  be h igh ly  inhomogeneous wi th  
marked d e n s i t y  and temperature  v a r i a t i o n s ;  co rona l  loops abound. Mag- 
n e t i c  f o r c e s  dominate t h e  atmosphere provid ing  thermal  i n s u l a t i o n  
a c r o s s  f i e l d  l i n e s  and almost  r i g i d  wave gu ides  f o r  t h e  propagat ion  of 
MHD waves. I n  a homogeneous low be ta  p lasma,  t h e  slow magnetoacoust ic  
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wave g i v e s  one-dimensional propagat ion of sound whereas t h e  f a s t  mag- 
n e t o a c o u s t i c  wave g ives  i s o t r o p i c  propagat ion  a t  t h e  Alfven speed. 
(See  Weitzner  (1983) and Roberts  (1984, 1985) f o r  r ecen t  d i s c u s s i o n s  of 
t h e  p r o p e r t i e s  of MHD waves.) I f ,  however, t h e  low b e t a  plasma i s  
inhomogeneous i n  d e n s i t y ,  a s  with the  corona ,  then  fas t  magnetoacoust ic  
waves are guided by reg ions  of low Alfven speed (Habbal ,  Leer, Lee r ,  
and Holzer  1979; Edwin and Roberts  1982, 1983; Rober t s ,  Edwin, and Benz 
1983, 1984; see a l s o  Newcomb 1957). For a g e n e r a l  overview see Edwin 
and Roberts  (1986a). Regions of low Alfven speed occur  i n  both co rona l  
loops  and i n  open f i e l d  reg ions  ( co rona l  h o l e s ) .  We n o t e ,  t oo ,  t h a t  
c u r r e n t  s h e e t s  ( r eg ions  of t he  plasma where f i e l d  r e v e r s a l  occu r s )  pro- 
v ide  wave guides  f o r  f a s t  magnetoacoustic waves (Edwin, Rober t s ,  and 
Hughes 1986). 
t i a l l y  s e l e c t  c e r t a i n  ranges of f requency and wavenumber f o r  guided 
propagat ion.  I f  a f a s t  mode is  generated impu l s ive ly ,  such as by a 
f l a r e ,  i t  is  guided a long  a r eg ion  of low Alfven speed and w i l l  e x h i b i t  
f r equenc ie s  of t h e  o rde r  of t he  Alfven speed d iv ided  by t h e  width of 
t h e  inhomogeneity. For t y p i c a l  coronal  c o n d i t i o n s ,  t h i s  w i l l  g ive  rise 
t o  f r e q u e n c i e s  of about 1 Hz or higher .  An impor tan t  t h i n g  about  such 
wave guides  is t h a t  they  p r e f e r e n t i a l l y  s e l e c t  c e r t a i n  ranges of f r e -  
quency and wavenumber f o r  guided propagat ion.  I f  a f a s t  mode is  
gene ra t ed  impu l s ive ly ,  such a s  by a f l a r e ,  it i s  guided a long  a r eg ion  
of low Alfven speed and w i l l  e x h i b i t  f r equenc ie s  of t h e  o r d e r  of t h e  
Alfven speed d iv ided  by t h e  width of t h e  inhomogeneity. For t y p i c a l  
co rona l  c o n d i t i o n s ,  th i s  w i l l  g i v e  rise t o  f r e q u e n c i e s  of about 1 Hz o r  
h ighe r .  
gene ra t ed  f a s t  magnetoacoust ic  wave r a i s e s  t h e  i n t e r e s t i n g  p o s s i b i l i t y  
t h a t  such d i s t i n c t i v e  s i g n a t u r e s  could be used a s  a se i smolog ica l  probe 
of t h e  coronal  atmosphere,  a l lowing  u s  t o  de te rmine  magnetic f i e l d  
s t r e n g t h s  and/or  s p a t i a l  e x t e n t s  of d e n s i t y  inhomogenei t ies .  We 
d i s c u s s  t h i s  p o s s i b i l i t y  here  ( s e e  a l s o  Edwin and Roberts  1986b). 
An important  t h i n g  about such wave guides  is t h a t  they  preferen-  
The occurrence of p r e f e r r e d  f r equenc ie s  i n  an impuls ive ly  
26. J o v i a n  Magnetospheric Processes  
C .  K. GOERTZ 
Proceedings of t h e  Magnetospheric Phenomena i n  Ast rophys ics  
Workshop, Taos, New Mexico, August 1984, i n  p r e s s .  
J u p i t e r ' s  r o t a t i o n a l  energy (6  x J) powers a l a r g e  number of 
p rocesses  such as a u r o r a l  UV emission', r a d i o  waves, and charged 
par t ic le  ene rg iza t ion .  We d e s c r i b e  how t h e  r o t a t i o n a l  energy may be 
d i s s i p a t e d  by i n j e c t i o n  of plasma, magnetic pumping and f i e l d  a l i g n e d  
e l e c t r i c  f i e l d s .  I n  a d d i t i o n ,  we desc r ibe  e n e r g i z a t i o n  by r a d i a l  
d i f f u s i o n  and plasma wave abso rp t ion .  We a l s o  d e s c r i b e  t h e  g e n e r a t i o n  
of Alfven waves by t h e  moon Io  and t h e i r  r e l a t i o n  t o  t h e  emission of 
t h e  J o v i a n  DAM r ad io  waves. 
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28. The Minimum Bandwidths of Auroral  K i lome t r i c  Rad ia t ion  
M. M. BAUMBACK and W. CALVERT 
Geophys. Res. L e t t . ,  i n  p r e s s ,  1986. 
27. An Analys is  of t h e  Shock-Like E l e c t r o s t a t i c  Noise Observed During 
AMPTE S o l a r  Wind Ion Releases 
T. Z. MA, D. A. GURNETT and N. O M I D I  
J. Geophys. Res., i n  p r e s s ,  1986. 
For t h e  purpose of e x p l a i n i n g  the shock- l ike  n o i s e  d e t e c t e d  by t h e  
IRM ( I o n  Release Module) i n s t rumen t s  du r ing  t h e  AMPTE (Ac t ive  Magneto- 
s p h e r i c  P a r t i c l e  Tracer Exp lo re r s )  s o l a r  wind i o n  releases, w e  p r e s e n t  
a n  a n a l y s i s  of e l e c t r o s t a t i c  waves produced by t h e  i n t e r a c t i o n  of t h e  
i o n  cloud wi th  t h e  s o l a r  wind. This  a n a l y s i s  c o n s i d e r s  an  a r b i t r a r y  
d i r e c t i o n  of propagat ion.  It is  found t h a t  i n  t h e  absence of co ld  
p h o t o e l e c t r o n s  t h e  maximum growth r a t e  occur s  a lmost  p e r p e n d i c u l a r  t o  
t h e  s o l a r  wind v e l o c i t y .  The wave growth i s  much h ighe r  t han  f o r  
p ropaga t ion  p a r a l l e l  t o  t h e  s o l a r  wind d i r e c t i o n ,  and i s  caused by a n  
ion-ion i n t e r a c t i o n  between t h e  i n j e c t e d  i o n s  (Ba+ o r  L i + )  and t h e  
s o l a r  wind protons.  However, i n  t h e  presence  of co ld  p h o t o e l e c t r o n s ,  
t h e  growth rate f o r  t h e  ion-ion i n t e r a c t i o n  i s  comparable o r  less t h a n  
f o r  p a r a l l e l  p ropagat ion ,  which is p r i m a r i l y  an  ion -e l ec t ron  i n t e r -  
a c t i o n .  The re fo re ,  both types  of i n t e r a c t i o n s  a r e  probably involved  i n  
g e n e r a t i n g  t h e  shock-l ike e l e c t r o s t a t i c  no ise .  The ion-ion i n s t a b i l i t y  
i s  more l i k e l y  t o  occur  i n  t h e  l a t e r  stage of t h e  cloud expansion a f t e r  
t h e  c o l d  pho toe lec t rons  have escaped and t h e  ion -e l ec t ron  i n s t a b i l i t y  
i s  more l i k e l y ,  o r  a t  l e a s t  comparable t o  t h e  ion-ion i n s t a b i l i t y ,  i n  
t h e  e a r l y  s t a g e s  when t h e  pho toe lec t rons  a r e  dominant. 
The bandwidths of t h e  d i s c r e t e  spectral  components of t h e  a u r o r a l  
k i l o m e t r i c  r a d i a t i o n  can sometimes be as narrow as 5 Hz. S ince  t h i s  
would imply an  apparent  source  th i ckness  of s u b s t a n t i a l l y  less than  t h e  
wavelength ,  i t  i s  i n c o n s i s t e n t  w i t h  the  p rev ious  e x p l a n a t i o n  f o r  such  
d i s c r e t e  components based s imply upon v e r t i c a l  l o c a l i z a t i o n  of a cyclo-  
t r o n  source .  I n s t e a d ,  such narrow bandwidths can only  be exp la ined  by 
r a d i o  l a s i n g .  
29. P l a n e t a r y  Radio Waves 
C. K. GOERTZ 
Proceedings of t h e  Magnetospheric Phenomena i n  Ast rophys ics  
Workshop, Taos, New Mexico, August 1984, i n  p re s s .  
Three p l a n e t s ,  t h e  e a r t h ,  J u p i t e r  and Sa tu rn  are known t o  emit 
non-thermal r a d i o  waves which r e q u i r e  cohe ren t  r a d i a t i o n  processes .  
The c h a r a c t e r i s t i c  f e a t u r e s  ( f requency spectrum, p o l a r i z a t i o n ,  occur-  
r ence  p r o b a b i l i t y ,  r a d i a t i o n  p a t t e r n )  are d i scussed .  We d i s t i n g u i s h  
between r a d i a t i o n  which is e x t e r n a l l y  c o n t r o l l e d  by t h e  s o l a r  wind and 
i n t e r n a l l y  c o n t r o l l e d  r a d i a t i o n  which on ly  o r i g i n a t e s  from J u p i t e r .  
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The e f f i c i e n c y  of t he  e x t e r n a l l y  c o n t r o l l e d  r a d i a t i o n  i s  roughly t h e  
same a t  a l l  t h r e e  p l a n e t s  (5 x sugges t ing  t h a t  s i m i l a r  processes  
a r e  a c t i v e  the re .  We d i s c u s s  b r i e f l y  t h e  maser r a d i a t i o n  mechanism f o r  
t h e  g e n e r a t i o n  of t h e  r a d i o  waves and g e n e r a l  requi rements  f o r  t h e  
mechanism which couples  t h e  power gene ra to r  t o  t h e  r eg ion  where t h e  
r a d i o  waves are generated.  
30. Dynamical Processes  i n  Magnetic Flux Tubes 
Be  ROBERTS 
Abhandlungen de r  Akademic d e r  Wissenschaften,  Got t ingen  Academy of 
Sc iences ,  Got t ingen ,  i n  press. 
The concept of an i s o l a t e d  f l u x  tube  has proved t o  be extremely 
f r u i t f u l  as a means of i n v e s t i g a t i n g  t h e  t h e o r e t i c a l  behavior  of con- 
c e n t r a t e d  magnetic f i e l d  i n  the  s o l a r  photosphere.  By cons ide r ing  t h e  
extreme of a s l e n d e r  ( o r  t h i n )  f l u x  tube i t  i s  p o s s i b l e  t o  i n v e s t i g a t e  
t h e  dynamical behavior  of t he  tube ,  account ing f o r  a v a r i e t y  of physi-  
ca l  e f f e c t s  i nc lud ing  s t r a t i f i c a t i o n  and c o m p r e s s i b i l i t y .  
31. E l e c t r o n  Acce le ra t ion  v i a  Kine t i c  Alfven Waves 
C. K. GOERTZ 
Proceedings,  I n t e r n a t i o n a l  Conference on Comparable Study of 
Magnetospheric Systems, La Londe-les-Maures, France ,  i n  p re s s .  
Obl ique ly  propagat ing  s h e a r  Alfven waves a r e  e f f e c t e d  by k i n e t i c  
e f f e c t s .  The wave becomes d i s p e r s i v e  and c a r r i e s  a s i g n i f i c a n t  
p a r a l l e l  e l e c t r i c  f i e l d  when k l  R 
t h e  p o l a r i z a t i o n  and d i s p e r s i o n  of these  waves and show t h a t  e l e c t r o n s  
can be e f f e c t i v e l y  a c c e l e r a t e d  a long  f i e l d  l i n e s  by t h e s e  waves. We 
a l s o  d i s c u s s  s e v e r a l  non l inea r  e f f e c t s  such  as s o l i t a r y  waves, 
n o n l i n e a r  damping due t o  cu r ren t -d r iven  i n s t a b i l i t i e s ,  and anomalous 
r e s i s t i v i t y .  F i n a l l y ,  we d e s c r i b e  recent  obse rva t ions  of e l e c t r i c  and 
magnet ic  f i e l d  p e r t u r b a t i o n s  on a u r o r a l  f i e l d  l i n e s  which seem t o  be 
r e l a t e d  t o  t h e s e  waves. However, t h e  evidence f o r  t h e  e x i s t e n c e  of 
t h e s e  k i n e t i c  Alfven waves i s  not firm. 
2 1 or klC/wpe 2 1. We d i s c u s s  
32. On X-Rays From Thunderclouds and Lightn ing  Discharges 
N. D'ANGELO 
Ann. Geophys., submi t ted ,  1986. ' 
The ques t ion  of x-ray gene ra t ion  i n  thunderclouds and l i g h t n i n g  
d i s c h a r g e s  i s  examined. Ene rge t i c  e l e c t r o n s  (> - 100 keV) may be 
produced by t h e  l a r g e  (- lo7 V/m) e l e c t r i c  f i e l d s  of r e t u r n  s t r o k e s  
and, i n  t u r n ,  g ive  rise t o  Bremsstrahlung x-rays. Es t imates  of t h e  
x-ray f l u x e s  are presented.  
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33. Condit ions Conducive t o  t h e  Exis tence  of a Double Layer 
GEORG KNORR, ROBERT L. MERLINO, and MICHAEL ALPORT 
Phys. F l u i d s ,  submit ted.  
S t a t i o n a r y ,  one-dimensional double l a y e r s  are cons t ruc t ed  a n a l y t i -  
c a l l y  by us ing  d i s t r i b u t i o n  func t ions  which are cons t an t  f o r  t h e  f o u r  
pa r t i c l e  s p e c i e s ,  namely t rapped  and free i o n s  and e l e c t r o n s .  Genera l  
c o n d i t i o n s  f o r  t h e  e x i s t e n c e  of double l a y e r s  a r e  de r ived  f o r  t h i s  
c a s e ,  and s e v e r a l  special  cases  a r e  d iscussed .  For example, w e  f i n d  i t  
conducive f o r  t h e  e x i s t e n c e  of double l a y e r s  i f  d i s t r i b u t i o n  f u n c t i o n s  
a r e  concent ra ted  c l o s e  t o  t h e  b i f u c a t i o n  t r a j e c t o r y  which separates 
t rapped  and f r e e  p a r t i c l e  phase space. S t rong  double  l a y e r s  can e x i s t ,  
i f  t h e  " temperatures"  of a l l  f o u r  par t ic le  s p e c i e s  are small compared 
w i t h  t h e  p o t e n t i a l  d i f f e r e n c e  of t h e  double l a y e r .  Double l a y e r s  a r e  
f a c i l i t a t e d  by t h e  e x i s t e n c e  of trapped ions  and e l e c t r o n s ;  they  can 
a l s o  e x i s t  with only one t rapped  spec ie s .  No double  l a y e r s  can e x i s t  
wi thout  t rapped p a r t i c l e s .  Double l a y e r  s o l u t i o n s  can a l s o  be found i f  
e l e c t r o n s  have a Boltzmann d e n s i t y  d i s t r i b u t i o n .  
34.  Phys ics  of t he  Inner  Hel iosphere :  Waves and D i s c o n t i n u i t i e s  
K. U. DENSKAT and D. A. GURNETT 
Phys ics  of t he  Inne r  Hel iosphere ,  submit ted.  
No a b s t r a c t .  
35. Remarks on Two Convective-Powered Mechanisms of Cloud 
E l e c t r i f i c a t i o n  
Ann. Geophys., submi t ted ,  1986. 
N e  D'ANGELO 
Some remarks are o f f e r e d  on two convection-powered mechanisms of 
c loud e l e c t r i f i c a t i o n ,  t h e  Grenet-Vonnegut and t h e  Wahlin mechanism. 
36.  A Comparison of t h e  Plasma Wave Spec t r a  From 100 Hz t o  100 kHz f o r  
t h e  E igh t  AMPTE Chemical Releases 
HAERENDEL, R. H. HOLZWORTH, J. L. ROEDER and R. TREUMA" 
J. Geophys. Res., submi t t ed ,  1986. 
H e  C. KOONS, Re Re ANDERSON, 0. H e  BAUER, D. A. GURNETT, G. 
The AMPTE IRM s p a c e c r a f t  performed a series of e i g h t  chemical  
releases a t  high a l t i t u d e s .  There were two l i t h i u m  releases i n  t h e  
s o l a r  wind, two l i t h i u m  and two barium releases i n  t h e  near -ear th  mag- 
n e t o t a i l ,  and two barium releases t o  s imula t e  a r t i f i c i a l  comets,  one i n  
t h e  s o l a r  wind and t h e  o t h e r  i n  t h e  magnetosheath. A v a r i e t y  of plasma 
waves were observed i n  con junc t ion  with each of t h e  releases. The 
releases were performed e s s e n t i a l l y  i n  comparable p a i r s .  Although 
t h e r e  were unique f e a t u r e s  a s s o c i a t e d  wi th  some of t h e  i n d i v i d u a l  
releases; t h e  comparable r e l e a s e s  g e n e r a l l y  produced s imilar  wave e m i s -  
s i o n s .  This  paper w i l l  d i s c u s s  t h e  s imilar i t ies  and d i f f e r e n c e s  among 
t h e  releases. 
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37. Computer S imula t ion  of t h e  C r i t i c a l  I o n i z a t i o n  Ve loc i ty  Phenomenon 
I. One-Dimensional Model 
S. MACHIDA, T. ABE, T. TERASAWA and C. K. GOERTZ 
J. Geophys. Res., submit ted.  
We s t u d i e d  t h e  C r i t i c a l  I o n i z a t i o n  Ve loc i ty  (CIV) process  by f i r s t  
i n v e s t i g a t i n g  a coupled system of equat ions  d e s c r i b i n g  t h e  p roduc t ion  
of s e v e r a l  i on  species and e l e c t r o n s  by impact i o n i z a t i o n ,  t h e i r  c o l l i -  
s i o n s  wi th  n e u t r a l s  and t h e  h e a t i n g  of e l e c t r o n s .  Ana ly t i c  r e l a t i o n s  
de r ived  from t h i s  were t e s t e d  wi th  the h e l p  of a p a r t i c l e  s i m u l a t i o n  
i n c l u d i n g  c o l l i s i o n a l  processes  between n e u t r a l s  and plasma p a r t i c l e s .  
It was found t h a t  r e s i s t i v e  hea t ing  of e l e c t r o n s  p l a y s  an important  
r o l e  when t h e  d e n s i t y  of t h e  n e u t r a l s  is h igh ,  and t h a t  e l e c t r o n  hea t -  
i n g  due t o  lower-hybrid waves is s i g n i f i c a n t  when t h e  n e u t r a l  d e n s i t y  
is low. I n  both c a s e s ,  we v e r i f i e d  the c o n t r o l  of t h e  plasma produc- 
t i o n  r a t e  by the  r a t i o  of t he  beam v e l o c i t y  t o  t h e  c r i t i c a l  v e l o c i t y .  
38.  E l e c t r o n  Densi ty  Deple t ions  i n  the Nights ide  Auroral  Zone 
A. M. PERSOON, and D. A. GURNETT, W. K. PETERSON, 
J. H. WAITE, JR. ,  J. L. BURCH, and J. L. GREEN 
J. Geophys. Res., submi t t ed ,  1986. 
Dynamics Explorer  1 plasma wave measurements are used t o  s tudy  
r eg ions  of diminished e l e c t r o n  dens i ty  i n  t h e  n i g h t s i d e  a u r o r a l  zone. 
Local  e l e c t r o n  d e n s i t i e s  are obta ined  from t h e  e l e c t r o n  plasma f r e -  
quency cu to f f  of t h e  w h i s t l e r  mode a u r o r a l  h i s s .  E l e c t r o n  d e n s i t y  pro- 
f i l e s  a r e  h igh ly  v a r i a b l e  through the n i g h t s i d e  a u r o r a l  zone. Sharp ly  
d e f i n e d  reg ions  of low e l e c t r o n  d e n s i t i e s  a r e  a common f e a t u r e  of 
a u r o r a l  zone c r o s s i n g s  from the  pre-dusk hours  u n t i l  t h e  e a r l y  morning 
hours  a t  a l l  r a d i a l  d i s t a n c e s  up t o  a t  l e a s t  4.3 RE. 
t i o n  t o  t h e  ad jacen t  p o l a r  cap and plasmaspheric  d e n s i t i e s ,  forming a 
low d e n s i t y  c a v i t y  a t  70"+-5" i n v a r i a n t  l a t i t u d e .  Minimum d e n s i t i e s  i n  
t h e  a u r o r a l  c a v i t y  f r e q u e n t l y  drop t o  0.1 cm-3 and r a r e l y  exceed 3 
a t  r a d i a l  d i s t a n c e s  of 2 RE t o  4 . 3  RE. 
d e n s i t y  p r o f i l e  e x h i b i t s  extreme v a r i a b i l i t y ,  wi th  v a r i a t i o n s  of a 
f a c t o r  of two o r  more on s p a t i a l  s c a l e s  of t ens  of k i lome te r s .  These 
f i n e  scale v a r i a t i o n s  a r e  probably f i e ld -a l igned  d e n s i t y  s t r u c t u r e s .  
A comparison of t h e  e l e c t r o n  d e n s i t y  d e p l e t i o n s  w i t h  s imultaneous-  
ly measured thermal and e n e r g e t i c  par t ic le  measurements i n d i c a t e s  a 
correspondence between low a u r o r a l  plasma d e n s i t i e s  and upward-directed 
i o n  beams and conics  and an e n e r g e t i c  p r e c i p i t a t i n g  e l e c t r o n  popula- 
t i o n .  Low energy (<1 keV) upflowing H+ i o n s  are s t r o n g l y  c o r r e l a t e d  
wi th  t h e  poleward edge of t he  a u r o r a l  c a v i t y .  These c o r r e l a t i o n s  show 
t h a t  d e n s i t y  d e p l e t i o n s  i n  t h e  n i g h t s i d e  a u r o r a l  zone a r e  d i r e c t l y  
a s s o c i a t e d  wi th  a u r o r a l  a c c e l e r a t i o n  processes .  
E l e c t r o n  d e n s i t i e s  i n  t h e s e  regions are s t r o n g l y  dep le t ed  i n  r e l a -  
Within t h e  c a v i t y ,  t h e  e l e c t r o n  
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39.  I n t e r p r e t a t i o n  of E l e c t r o s t a t i c  Noise Observed by Voyager 1 
i n  T i t a n ' s  Wake 
T. Z. MA, D. A. GURNETT and C. K. GOERTZ 
J. Geophys. R e s . ,  submi t ted ,  1986. 
During t h e  Voyager 1 s p a c e c r a f t  f l y b y  of T i t a n  on November 1 2 ,  
1980, an i n t e n s e  band of low frequency e l e c t r i c  f i e l d  n o i s e  was 
observed dur ing  t h e  inbound wake cross ing .  This  a n a l y s i s  shows t h a t  
t h e  no i se  i s  genera ted  by a beam-plasma i n t e r a c t i o n  between t h e  coro- 
t a t i n g  magnetosphere of Sa tu rn  and newly c r e a t e d  i o n s  from t h e  atmo- 
sphe re  of Ti tan .  The a n a l y s i s  i s  based on plasma and wave measurements 
from Voyager 1 and reasonable  assumptions.  The r e s u l t s  ag ree  q u i t e  
w e l l  w i th  t h e  observa t ion .  The a n a l y s i s  shows t h a t  t h e  i n s t a b i l i t y  
only  occurs  where t h e  d e n s i t y  of t h e  c o r o t a t i o n a l  i o n s  i s  comparable t o  
t h e  d e n s i t y  of ions  o r i g i n a t i n g  from T i t a n ' s  atmosphere. The growth 
ra te  is  high enough t o  gene ra t e  t h e  observed n o i s e  and t h e  c a l c u l a t e d  
and observed frequency ranges a r e  i n  good agreement. The asymmetry 
between t h e  i n t e n s i t i e s  i n  t h e  inbound and outbound wake are exp la ined  
by a s i m p l e  model f o r  t h e  t r a j e c t o r i e s  of i ons  from T i t a n ' s  atmosphere.  
40. Observa t ions  of Nonlinear  Wave Decay Processes  i n  t h e  S o l a r  Wind 
by t h e  AMPTE IRM Plasma Wave Experiment 
R. R. ANDERSON, D. A. GURNETT and R. H. HOLZWORTH 
J. Geophys. R e s . ,  submi t ted ,  1986. 
H. C. KOONS, J. L. ROEDER, 0. H. BAUER, G. HAERENDEL, Re  TREUMA", 
Nonl inear  wave decay processes  have been d e t e c t e d  i n  t h e  s o l a r  
wind by t h e  plasma wave experiment aboard t h e  AMPTE-IRM s p a c e c r a f t .  
The main process  is t h e  g e n e r a t i o n  of ul t ra- low-frequency ion -acous t i c  
waves from t h e  decay of Langmuir waves nea r  t h e  e l e c t r o n  plasma f r e -  
quency. This  enhancement is most l i k e l y  due t o  t h e  g e n e r a t i o n  of e l ec -  
t romagnet ic  waves from t h e  coalescence of two Langmuir waves. These 
p rocesses  occur wi th in  t h e  e l e c t r o n  foreshock i n  f r o n t  of t h e  e a r t h ' s  
bow shock. 
41. E l e c t r o n  Number Dens i ty  From t h e  AMPTE/IRM P l a s m a  Wave Experiment 
During So la r  Wind Lithium Releases  
R. R. Anderson, D. A. Gurne t t ,  B. Haus le r ,  H. C. Koons, R. H. 
Holzworth,  R. A. Treumann, 0. H. Bauer, G. Haerendel ,  H. Luhr,  
L. J. Wool l i s c ro f t ,  and M. P. Gough 
J. Geophys. Res . ,  submi t t ed ,  1986. 
I n  September 1984 t h e  AMPTE p r o j e c t  c a r r i e d  o u t  two a c t i v e  chemi- 
ca l  release experiments i n  space i n  which s u b s t a n t i a l  amounts of 
l i t h i u m  were i n j e c t e d  i n t o  t h e  s o l a r  wind i n  f r o n t  of t h e  E a r t h ' s  bow 
shock and subsequent ly  photoionized.  The plasma wave in s t rumen t s  on 
t h e  AMPTE/IRM ( Ion  Release Module) were used t o  monitor t h e  s o l a r  wind 
environment throughout t h e  release period and t o  d e t e c t  t h e  e l e c t r o -  
s t a t i c  and e l ec t romagne t i c  f i e l d s  a s soc ia t ed  wi th  the  i n j e c t i o n s  of t h e  
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i o n s  i n t o  t h e  s o l a r  wind. Plasma wave emiss ions  a t  t h e  upper  hybr id  
resonance  frequency or t h e  e l e c t r o n  plasma f requency  were observed and 
subsequen t ly  used t o  determine t h e  e l e c t r o n  number d e n s i t y  nea r  t h e  
middle of t h e  release as a f u n c t i o n  of time. These d a t a  provided 
v a l u a b l e  in fo rma t ion  on t h e  degree  of i o n i z a t i o n ,  on t h e  i o n i z a t i o n  
ra te ,  and on t h e  i o n  d e n s i t y  p r o f i l e  as  a f u n c t i o n  of p o s i t i o n  i n s i d e  
t h e  d iamagnet ic  c a v i t y  t h a t  was formed d u r i n g  each  release and i n  t h e  
pe r tu rbed  r eg ion  of space o u t s i d e  t h e  c a v i t y .  The d iamagnet ic  c a v i t y  
l a s t e d  f o r  about  11.5 and 7 seconds f o r  t h e  September 9 and 20 
releases, r e spec t ive ly .  For each of t h e s e  releases t h e  observed elec- 
t r o n  number d e n s i t y  as a f u n c t i o n  of time a f t e r  t h e  release i n c r e a s e d  
a b r u p t l y  a t  t h e  onse t  of t h e  r e l e a s e  and then  was p r o p o r t i o n a l  t o  about  
t'2 u n t i l  t h e  s p a c e c r a f t  approached the  edge of t h e  c a v i t y  and t h e  
number d e n s i t y  a g a i n  inc reased  f o r  a s h o r t  pe r iod  of time. Ou t s ide  t h e  
c a v i t y  t h e  number d e n s i t y  a g a i n  f e l l  toward t h e  ambient s o l a r  wind 
number d e n s i t y  but  was q u i t e  i r r e g u l a r .  Analys is  of t h e  h igh  f requency  
r e c e i v e r  d a t a  showed t h a t  a t  1 second i n t o  each  Li th ium r e l e a s e  t h e  
e l e c t r o n  number d e n s i t y  was about  2 . 4  x lo4 ~ m - ~ .  
de te rming  t h e  e l e c t r o n  number d e n s i t y  a t  t h e  s p a c e c r a f t  t h e  plasma wave 
d a t a  a l s o  provided in fo rma t ion  on number d e n s i t y  remote from t h e  IRM by 
obse rv ing  t h e  shadowing of e lec t romagne t i c  r a d i a t i o n .  
I n  a d d i t i o n  t o  
42.  An Explana t ion  f o r  Tr iggered  Auroral  K i lome t r i c  Rad ia t ion ,  The 
Aurora l  Plasma Cavi ty ,  and D i s c r e t e  Aurora l  Arcs 
Geophys. Res .  Le t t . ,  submi t t ed ,  1986. 
W. CALVERT 
An exp lana t ion  i s  proposed f o r  the  e x t e r n a l  t r i g g e r i n g  of t h e  
a u r o r a l  k i l o m e t r i c  r a d i a t i o n  (AKR) by s o l a r  r a d i o  b u r s t s ;  f o r  t h e  
development of t h e  a u r o r a l  plasma c a v i t y  which seems t o  accompany t h e  
AKR, and also f o r  t h e  format ion  of d i s c r e t e  a u r o r a l  arcs--all based 
upon t h e  g e n e r a t i o n  of AKR by r a d i o  l a s i n g ,  t h e  consequent  p i tch-angle  
s c a t t e r i n g  of e n e r g e t i c  e l e c t r o n s  i n t o  t h e  loss  cone,  and t h e  subse- 
quent  p r e c i p i t a t i o n  of t hose  e l e c t r o n s  i n t o  t h e  ionosphere.  
43.  Plasma Wave Turbulence Produced by t h e  S h u t t l e :  R e s u l t s  from 
t h e  PDP Free F l i g h t  
D. A. GURNETT, W. S. KURTH, J. T. STEINBERG and S. D. SHAWHAN 
Science ,  submi t ted ,  1986. 
During t h e  Spacelab 2 mis s ion ,  a s p a c e c r a f t  c a l l e d  t h e  Plasma 
D i a g n o s t i c s  Package (PDP) w a s  released from t h e  s h u t t l e  t o  i n v e s t i g a t e  
plasma i n t e r a c t i o n s  nea r  t h e  s h u t t l e .  The plasma wave in s t rumen t  on 
t h e  PDP shows t h a t  a r eg ion  of i n t e n s e  e l e c t r o s t a t i c  t u rbu lence  e x i s t s  
around t h e  s h u t t l e  a t  f r equenc ie s  up t o  lo4 Hz. 
c l o s e l y  a s s o c i a t e d  wi th  n e u t r a l  gas  r e l e a s e s  from t h e  s h u t t l e  and is  
most i n t e n s e  i n  t h e  r eg ion  downstream of t h e  s h u t t l e .  Antenna p a t t e r n  
e f f ec t s  show t h a t  t h e  tu rbu lence  has  wavelengths  less than  1 meter. 
P r e l i m i n a r y  i n d i c a t i o n s  a r e  t h a t  t h e  n o i s e  i s  caused by an  i o n  beam 
produced by charge exchange r e a c t i o n s  i n  t h e  n e u t r a l  gas  c loud around 
t h e  s h u t t l e .  
This  t u rbu lence  i s  
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44. Micron-Sized Par t ic le  Impacts Detected Near Uranus by t h e  Voyager 
2 Plasma Wave Instrument  
and E. GRUN 
J. Geophys. Res., submi t t ed ,  1986. 
D. A. GURNETT, W. S. KURTH, F. L. SCARF, J. A. BURNS, J. N e  C U Z Z I  
During t h e  Voyager 2 f l y b y  of Uranus, t h e  plasma wave and r a d i o  
astronomy ins t ruments  d e t e c t e d  a reg ion  of impuls ive  n o i s e  nea r  t h e  
e q u a t o r i a l  p lane  j u s t  i n s i d e  t h e  o r b i t  of Miranda, a t  a r a d i a l  d i s -  
t ance  of 4.51 Ru. This  no i se  i s  be l ieved  t o  be caused by micron-sized 
p a r t i c l e s  h i t t i n g  t h e  s p a c e c r a f t .  Analysis  of va r ious  coupl ing  mecha- 
nisms shows t h a t  when a d u s t  p a r t i c l e  h i t s  t h e  s p a c e c r a f t  a t  a h igh  
v e l o c i t y ,  t h e  par t ic le  i s  i n s t a n t l y  vaporized and i o n i z e d ,  t he reby  
r e l e a s i n g  a cloud of charged p a r t i c l e s ,  some of which are c o l l e c t e d  by 
t h e  antenna. The r e s u l t i n g  vo l t age  p u l s e  i s  d e t e c t e d  by t h e  plasma 
wave ins t rument .  Based on reasonable  assumptions about  t h e  charge  
y i e l d  and c o l l e c t i o n  e f f i c i e n c y  of the an tenna ,  t h e  number d e n s i t y  and 
mass of t he  par t ic les  can be es t imated  from t h e  rate and ampl i tude  of 
t h e  v o l t a g e  pulses .  The a n a l y s i s  shows t h a t  t h e  maximum number den- 
s i t y  of t h e  par t ic les  is about  1.6 x 
t h e  impact  r eg ion ,  based on a Gaussian f i t ,  i s  3480 km. The maximum 
number d e n s i t y  occurs  s l i g h t l y  a f te r  t h e  r i n g  p lane  c r o s s i n g  a t  a d i s -  
t ance  of about 280 km from t h e  e q u a t o r i a l  plane.  The mass t h r e s h o l d  
f o r  d e t e c t i n g  the  p a r t i c l e s  is es t imated  t o  be about  4.5 x 10-10 gm, 
and the  rms mass of t h e  particles is  about 2.6 x gm. For a .  
d e n s i t y  of a few gm ~ m ' ~ ,  t h e  p a r t i c l e s  have r a d i i  on t h e  o r d e r  of a 
f e w  microns. P o s s i b l e  sou rces  f o r  these  p a r t i c l e s  i n c l u d e  t h e  r i n g s ,  
t h e  small sa te l l i t e  1985U1 discovered  o u t s i d e  t h e  r i n g  system, or 
o t h e r  unseen small bodies  t h a t  l i e  between synchronous o r b i t  (3.15 Ru) 
and 4.51 Ru. Ti t h e  p a r t i c l e s  are charged, e l ec t romagne t i c  f o r c e s  
produced by the  r o t a t i n g  t i l t e d  d ipole  of Uranus may p l a y  a r o l e  i n  
t h e i r  t r a n s p o r t  and d i f f u s i o n .  
m-3, and t h e  th i ckness  of 
